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(57) ABSTRACT

A method and a system for determining insulin sensitivity
(IS)1s described. In one aspect the method and the system can
be implemented by receiving a first parameter corresponding
to an 1nsulin dose 1n a subcutaneous tissue; applying a first
kinetic model to obtain a plasma insulin concentration based
on the first parameter; receiving a second parameter corre-
sponding to a plasma glucose concentration; determining the
insulin sensitivity (IS) based on the plasma insulin concen-
tration and the second parameter.
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METHOD SYSTEM AND DEVICE FOR
ASSESSING INSULIN SENSITIVITY

RELATED APPLICATIONS

This application claims priority to U.S. Provisional Appli-

cation Ser. No. 60/937.247 filed Jun. 25, 2007, which 1s herein
incorporated by reference in its entirety.

FIELD OF THE INVENTION

Techniques and devices are described relating to sustained
medical infusion of therapeutic fluids for patients. In particu-
lar, a method, system and device for assessing a diabetic state
of the patient 1s described. For example, the method, system
and device can be used for assessing an insulin sensitivity
value (“IS). The assessed IS value can be used, for example,
to determine basal and bolus dosages of insulin prior to
administrating 1t to the patient.

BACKGROUND OF THE INVENTION

Diabetes mellitus 1s a disease of a major global importance.
The number of individuals atffected increases at almost epi-
demuic rates, such that in 2006, this number reached approxi-
mately 170 million people worldwide and 1s predicted to at
least double over the next 10-15 years. Diabetes 1s character-
1zed by a chronically raised blood glucose concentration (hy-
perglycemia), due to a relative or absolute lack of the pancre-
atic hormone-insulin. Within healthy pancreas, beta cells that
are located 1n the 1slets of Langerhansand continuously pro-
duce and secrete insulin according to the blood glucose levels,
thereby maintaining near constant levels of glucose in the
body. Long-term tissue complication afiects both the small
blood vessels (microangiopathy, causing eye, kidney and
nerve damage) and the large blood vessels (causing acceler-
ated atherosclerosis, with increased rates of coronary heart
disease, peripheral vascular disease and stroke). These com-
plications heavily burden the patients and health care
resources that are necessary to treat the patients.

The Diabetes Control and Complications Trial (DCCT)
demonstrated that development and progression of chronic

complications of diabetes are heavily related to the degree of

altered glycemia, as quantified by determinations of glyco-
hemoglobin (HbAlc). [DCCT Trnal, N Engl JMed 1993;329:
977-986, UKPDS Tnal, Lancet 1998; 352: 837-853. BMI
1998; 317, (7160): 703-13 and the EDIC Tnal, N Engl J Med
20035; 333, (25): 2643-53]. Thus, maintaining normoglyce-
mia, which may be accomplished by frequently measuring,
glucose levels and accordingly adjusting an amount of deliv-
ered 1nsulin, 1s of utmost importance.

Conventional insulin pumps can deliver msulin to the
patient and can be configured to deliver rapid-acting insulin
24 hours a day through a catheter placed under the skin. The
total daily dose (TTD) of insulin can be divided into basal and
bolus doses. Basal insulin 1s delivered continuously over 24
hours, and keeps the blood glucose concentration levels
(heremaftter, “blood glucose levels”) in normal desirable
range between meals as well as overnight. Diurnal basal rates
can be pre-programmed or manually changed according to
various daily activities of the patient. Insulin bolus doses are
delivered before meals or during episodes of high blood glu-
cose concentration levels to counteract carbohydrates” loads.

The amount of insulin which should be present in the
administered bolus can depend on several parameters, for
example:
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2

Amount of carbohydrates (*Carbs”) to be consumed, alter-
natively defined as “serving”’, wherein 1 serving equals
15 grams of Carbs.

Carbohydrate-to-insulin ratio (“CIR”), 1.e. an amount of
carbohydrate balanced by one unit of mnsulin which 1s
measured 1n grams per one unit of msulin.

Insulin sensitivity (“IS™), 1.e. an amount of blood glucose
value lowered by one unit of insulin which 1s measured
in mg/dL (milligrams/deciliter) per one unit of insulin.

Current blood glucose levels (“BSC”) which 1s measured
in mg/dL.

Target blood glucose levels (““IBG™), 1.e. a desired blood
glucose level. TBG for most patients suffering from
diabetes 1s 1n the range of 90-130 mg/dL belore a meal,
and less than 180 mg/dL one to two hours after the start
of a meal.

Residual insulin, 1.e. an amount of stored active insulin
remaining in the body of the patient after a recent bolus
delivery. This parameter 1s relevant when there 1s a short
time interval between consecutive boluses (1.¢. less than
5 hours).

Conventional insulin pumps can require users to constantly
calculate or estimate appropriate pre-meal nsulin bolus
doses. These calculations or estimations can be based on the
above mentioned parameters to effectively control the blood
glucose levels and maintain euglycemua.

Conventional portable insulin pumps can include bolus
calculating means that operate based on 1mputs of meal car-
bohydrate content and glucose levels by the patient. In these
pumps, the calculated bolus dose can be automatically deliv-
ered to the patient.

An example of such conventional pumps 1s discussed 1n
U.S. Pat. No. 6,936,029 assigned to Medtronic MiniMed.
Such a pump provided with a bolus calculator and an algo-
rithm for calculating the amount of insulin to be administered
1s described. The algorithm 1s based on a formula for calcu-
lating a bolus, depending on the user’s IS, CIR, target BG and
user mputs of blood glucose (BG) and carbs intake.

If the current BG 1s higher than the target BG, the recom-

mended bolus 1s calculated as:

Recommended bolus =

(TC/CIR)  + (BSC-BST)/IS-RI

- v . J
Y

“Food estimate’” “Correction estimate”

Wherein TC—total amount of carbohydrates; CIR—<car-
bohydrate-to-insulin ratio; BST—target blood sugar; BSC—
current blood sugar; IS—Insulin sensitivity; RI—remaining
insulin, 1.e. “insulin on board”.

If the current BG 1s lower than the target BG, the recom-
mended bolus 1s calculated as:

Recommended bolus=(TC/CIR)+(BSC-BSTYIS

I1 the current BG 1s higher than the low target BG and lower
than the high target BG (e.g. current blood (BSC) glu-
cose=105 mg/dL, target range (BST)=90-130 mg/dL)
then the recommended bolus 1s calculated as:

Recommended bolus=(TC/CIR)+0

Basal insulin can be delivered continuously over 24 hours,
and can keep the blood glucose levels 1n range between meals
and overnight. Diurnal basal rates can be pre-programmed or
manually changed according to various daily activities. The
basal insulin strongly depend on the user’s IS value.

Accurate assessment of the IS value can be critical for
maintaining euglycemia for diabetic patients. IS can also be
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essential 1n determination of the administered basal dose and
the admimistered bolus dose, especially the correction bolus.

Currently, many type 1 diabetes patients using rapid acting,
insulin (e.g. Humalog, Novolog) determine their IS value
according to the “2200 to 1600 rules”. The user’s IS 1s estab-
lished by dividing the value corresponding to an appropriate
rule by the total daily dose of rapid-acting isulin (e.g. if the
total daily msulin dose 1s 40 unmits and the 1800 rule 1s used,
the msulin sensitivity factor would be 1800 divided by 40=45
mg/dl/unit). FIG. 1 shows the point drop per unit of 1msulin
(insulin sensitivity) according to the various rules (adapted
from Using Insulin©2003)

The derived IS value can be used when 1mitially setting the
basal dosages and the bolus calculator of many existing
pumps or when the user calculates the necessary bolus.
Evaluation of the diabetic progression, especially in type 2
diabetes (insulin sensitivity 1s mversely related to insulin
resistance, the primary etiology of type 2 DM), may be
derived from the change 1n IS value (decreases as the disease
Progresses).

Using the abovementioned “rules” can have several draw-
backs:

The accurateness of the established IS value 1s low due to a

limited number of applied “rules”.

The values are not re-evaluated throughout the usage of the
bolus calculator. This poses a serious problem since the
IS value 1s not a static parameter. This shortcoming may
be especially significant for adolescent users due to rela-
tively frequent dynamics of this parameter during
puberty.

SUMMARY OF THE INVENTION

A method and a system for determining insulin sensitivity
(IS) 1s described. In one aspect the method and the system can
be implemented by receiving a first parameter corresponding,
to an i1nsulin dose 1n a subcutaneous tissue; applying a first
kinetic model to obtain a plasma insulin concentration based
on the first parameter; receiving a second parameter corre-
sponding to a plasma glucose concentration; determining the
insulin sensitivity (IS) based on the plasma insulin concen-
tration and the second parameter.

In one implementation, the second parameter can be deter-
mined by applying a second kinetic model to a glucose con-
centration measured 1n the subcutaneous tissue. For example,

the glucose concentration in the subcutaneous tissue can be
measured using at least one of a glucometer and a Continuous
Glucose Monitor (SCGM).

In one implementation, the insulin sensitivity (IS) can be
determined using one or more of conventional plasma glu-
cose-plasma insulin dynamics models. For example, the
dynamics models can comprise at least one of the Homeo-
static Model Assessment (HOMA), and Quantitative Insulin
Sensitivity Check Index (QUICKI).

In one implementation, the insulin sensitivity (IS) can be
periodically reevaluated. For example, the insulin sensitivity
(IS) can be reevaluated after a predetermined period of time
since a last food bolus. In some implementations, the insulin
dose 1n the subcutaneous tissue can be a basal 1nsulin dose.

In some 1implementations, the method and the system can
be implemented by providing a recommendation to a user to
validate the determined insulin sensitivity value (IS). For
example, the recommendation can be provided as a message
displayed on a graphical user interface. In some embodi-
ments, the user can optionally accept or reject the determined
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insulin sensitivity value (IS). In some embodiments, the
determined 1nsulin sensitivity value 1s accepted automati-
cally.

In some 1implementations, the method and the system can
be implemented by selecting an msulin bolus based on the
determined insulin sensitivity value (IS) and delivering the
insulin bolus to a user. For example, the insulin bolus can be
delivered using a remotely controlled skin securable pump,
such that the pump 1s connectable to and disconnectable from
the user’s body. In some 1mplementations, the glucose con-
centration in the subcutaneous tissue can be measured using a
glucometer mtegrated into a remote control unit.

In some implementations, a system that employs a method
capable of assessing the user’s IS can comprise a miniature
skin adhered patch that can continuously dispense insulin and
monitor body glucose concentration levels.

In some implementations, a semi closed loop system can be
provided. The semi close loop system can monitor glucose
levels and dispense isulin according to sensed glucose levels
and according to an IS assessment method.

In some implementations, a device that comprises an insu-
lin infusion and a continuous glucose momitor patch unit can
also be provided. For example, the monitor patch unit can
comprise a disposable part and a reusable part. The reusable
part can contain all relatively expensive components and the
disposable part can contain cheap components, thus provid-
ing a low cost product for the user and a highly profitable
product for the manufacturer and payer. The device can
employ a method capable of assessing the user’s IS value.

In some implementations, an mnsulin infusion and a con-
tinuous glucose monitor patch unit can also be provided. For
example, the monitor patch unit can be remotely controlled
and can employ a method capable of assessing the user’s IS
value.

In some implementations, the IS assessment can be estab-
lished via processing of integrated information obtained from
frequent glucose measurements (e.g. subcutaneous continu-
ous glucose monitoring) and data of the delivered basal 1nsu-
lin.

In some implementations, the IS assessment can be
obtained from SCII (Subcutaneous Continuous Insulin Infu-
s1omn), SC glucose sensing and the integration of conventional
mathematical models:

Various mathematical models of the plasma glucose-
plasma insulin dynamics exist 1n the literature. Some of
these models have a high predictive capability and were
assessed in numerous studies. Insulin sensitivity (IS) can
be evaluated by virtue of these models. These models
however require the plasma insulin and plasma glucose
concentrations—data that may be acquired only by
direct blood sampling. In addition, plasma insulin
requires a lab analysis (as opposed to blood glucose
which can be determined by a portable glucometer).

There are mathematical models 1n the literature that exhibit
the relationship between plasma glucose and glucose 1n
the interstitial flmd (ISF).

There are mathematical models 1n the literature that exhibit
the relationship between plasma insulin and 1nsulin 1n
the ISF.

In some implementations, the IS assessment can be
obtained from SCII, direct plasma glucose sensing, using a
glucometer, and integration of mathematical models exhibit-
ing plasma glucose-plasma insulin dynamics and the relation-
ship between plasma nsulin and insulin 1n the ISF.

In some implementations, the IS can be assessed using one
or more of conventional plasma glucose-plasma 1nsulin
dynamics models e.g. the “minimal” model 1s a mathematical
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model of the plasma glucose-plasma 1nsulin dynamics, pro-
posed by the team of Bergman and Cobelli, the AIDA
(www.2aida.org), the model of Sorenson (DIABETES
TECHNOLOGY AND THERAPEUTICS, 2005 Vol 7 (1)
94-108). Alternative models which may simplify the insulin
sensitivity assessment are for example the Homeostatic
Model Assessment (HOMA), and a more recent method 1s the
QUICKI (Quantitative Insulin Sensitivity Check Index). Both
employ fasting mnsulin and glucose levels to calculate insulin
sensitivity and both correlate reasonably with the results of
the gold standard clamping studies and/or known parameter.

In some 1implementations, a time delay of 10-20 minutes
can be determined between the glucose measured 1n the ISF
and the blood glucose. That 1s, an ISF glucose measurement
made at time “t=20"" 1s equal to the blood glucose at tome “t”.

In some 1implementations, the IS value can be constantly
reevaluated.

In some 1implementations, the IS value can be reevaluated
only 1n time frames when at least five hours have passed since
the last food bolus (e.g. during the night). The IS algorithm in
such embodiments only considers the basal insulin.

In some implementations, if a new IS value has been deter-
mined, the user can be recommended to pay a visit to his/her
practitioner to validate the new IS value, change the settings
of the pump accordingly, and possibly perform further tests to
evaluate the diabetic state (e.g. HA1C).

In some 1implementations, 11 a new IS value 1s determined,
the user may accept the automatically assessed new IS value
and change the settings of the device to deliver the following
bolus and basal dosages accordingly. In some examples, the
automatically assessed new IS value may be set without a user
interface.

In some 1implementations, the user can be notified prior to
IS value re-setting and can suspend the re-setting or select an
alternative IS value.

In some implementations, the IS value assessment method
can be implemented 1n an insulin infusion device comprising
isulin dispensing patch umit and a remote control unit,
wherein a glucose sensing apparatus (e.g. glucometer) 1s inte-
grated 1n the remote control unit.

In some 1implementations, the patch unit can be composed
ol two parts, a reusable part that contains all electronic and
driving elements and a disposable part that contains insulin
reservolr. The glucose sensing apparatus (e.g. glucometer)
may alternatively be integrated in the reusable part of the
patch unit of the device. Preferably, the IS value assessment
method 1s implemented 1n the remote control unit of the
insulin infusion device. Alternatively, the IS value assessment
method could be implemented in the reusable part of the patch
unit of the device. In some implementations that use a glucose
sensing apparatus of the device as a glucometer, frequent BG
measurements can be performed for the time of the test.

In some implementations, the IS value assessment method
can be implemented in the remote control unit of the device.
Alternatively, the method can also be implemented 1n the
reusable part of patch unit of the device. Alternatively, the
method can be implemented 1n both the reusable part of the
patch unit of the device and the remote control unit of the
device.

In some implementations, the IS value assessment method
can be implemented by a device configured as a miniature
patch that can be adhered to the skin and can continuously
dispense insulin and frequently measure glucose levels.

The IS value assessment method can be implemented 1n a
remote unit ol an insulin dispensing device that can 1ire-
quently measure glucose levels. The IS value assessment
method can also be implemented 1n a device comprising a

10

15

20

25

30

35

40

45

50

55

60

65

6

miniature skin adhered patch that can continuously dispense
insulin and continuously monitor body glucose concentration
levels.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows the point drop per unit of insulin (insulin
sensitivity) according to the various rules (adapted from
Using Insulin©2003).

FIGS. 2A-B show an exemplary insulin infusion device
comprising an isulin dispensing unit and a remote control
unit that contains an IS assessment feature.

FIGS. 3A-B show an exemplary insulin infusion device
containing continuous subcutancous glucose monitors for
providing blood glucose readings (BG) for the IS assessment
feature.

FIG. 4 1s a block diagram showing one example ol model
integration.

FIG. 5 shows the “Koboyashi™ model.

FIG. 6 shows a model of ISF glucose that can predict
plasma glucose.

FIGS. 7A-C show exemplary msulin infusion device con-
taining blood glucose monitor 1n three different locations
providing blood glucose (BG) readings for the IS assessment
feature.

FIG. 8 shows another embodiment of the IS assessment

feature assessment feature located 1n a remote control unit
and PC.

DETAILED DESCRIPTION

FIGS. 2A-B show an isulin infusion device comprising a
patch unit (1010), that can be securable to the patient’s skin
(5), and a remote control unit (1008), that can communicate
with the patch unit (1010), allowing programming, user
inputs and data acquisition.

In some implementations, manual inputs can be carried out
by buttons (not shown) located on the patch unit (1010). The
patch unit (1010) can be composed of one housing (1001)
(F1G.2A) or two housings (1001,1002) (FIG. 2B) containing,
a reusable part (1) and a disposable part (2) respectively.

The patch unit (1010) can comprise a cannula (6) that can
penetrates the skin (5) to allow delivery of insulin. The patch
unmt (1010) can be directly attached to the patient’s skin (5) by
adhesive means (not shown) or can be attached to a dedicated
needle unit (not shown) that 1s adhered to the patient skin (5)
and allows the patch unit (1010) disconnection from and
reconnection to the body as disclosed 1n our previous patent
application U.S. Ser. No. 60/876,679, filed on Dec. 22, 2006.
The remote control unit (1008) may contain an insulin sensi-
tivity (IS) assessment feature (3000).

FIGS. 3A-B illustrate several implementations, in which
blood glucose level readings needed for the IS assessment
feature can be recerved from a continuous subcutaneous glu-
cose sensing apparatus (1006). The continuous subcutaneous
glucose sensing apparatus (1006) and the IS assessment fea-
ture (3000) which can be located 1n the remote control unit
(1008) can establish communication therebetween. This
communication can allow programming, data handling, and
user mputs.

FIG. 3A shows one implementation in which the current
blood glucose concentration can be sensed via an indepen-
dent continuous subcutaneous glucose sensing apparatus
(1006). FI1G. 3B shows an embodiment 1n which the continu-
ous subcutaneous glucose sensing apparatus (1006) 1s located
within the patch unit (1010) of the msulin delivery device.
The msulin dispensing apparatus (1005) and glucose sensing
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apparatus (1006) can constitute a single delivery device, and
may use a single cannula (6) for both dispensing and sensing.
Alternatively (not shown), the dispensing apparatus (1005)
and sensing apparatus (1006 ) can have separate cannulate that
penetrate the skin (5) and reside 1n the subcutaneous tissue.

The delivery device of this embodiment may be composed
of two parts—a reusable part (1) and a disposable part (2),
cach part has a corresponding housing (1001, 1002).

In some 1implementations, the device can contain a closed
loop or semi closed loop system. Insulin can automatically be
dispensed according to continuous glucose level monitoring
(closed loop) or according to continuous monitoring and
additional pre-meal bolus user inputs (semi closed loop). The
IS assessment feature (3000) may be used for bolus inputs
calculation 1n the semi closed loop system and for basal
dosages admimstration 1n the closed and semi-closed loops.

FIG. 4 1s a schematic block diagram that shows one
example of the suggested model, which integrates various
sub-modules for the assessment of the IS value. Conventional
modeling of the physiological insulin-glucose regulation sys-
tem can require parameters that must be sampled from the
blood tissue (i.e. plasma).

The device disclosed hereinafter, can be attached to the
patient’s skin and can have accessibility to the subcutaneous
tissue layer through the cannula. Thus, sensing of glucose
concentration levels in the ISF (“interstitial fluid™) can be
possible. In addition, the ISF msulin infusion can be carried
out and controlled by the patch unait.

The application of “transitional models” (100, 101) can
allow the utilization of insulin-glucose conventional models
(102) with measured parameters of the subcutaneous tissue
(1.e. ISF). It follows that the models (100, 101) can allow
transition from the subcutaneous tissue to blood tissue: model
(100) simulates the glucose kinetics, and the model (101)
simulates the msulin kinetics. This itegrated model (1000)
can enables IS assessment via parameters which may be
acquired thanks to the presence of the adhered patch unat.

FIG. 5 shows an example of a model (102) that describes
the pharmacokinetics of insulin after the administration of
continuous 1nfusion 1n diabetic patients. According to Koba-
yashy et al., the one-compartment kinetic model can be
applied to obtain the plasma insulin from the ISF insulin as
schematically shown in FIG. 5. K _ 1s the first order absorption
rate constant and K _ 1s the first order elimination rate constant.
V ,1s the distribution volume.

The time course of plasma insulin concentration after con-
tinuous subcutaneous infusion at a constant rate (RI) for a
given period can be calculated by the following equation:

RI . (E—KE-T _ E—Kﬂ-f)
Vd ] (KE' — Ka)

I = (1 —efe?y +

Vg K,

wherein:

I, 1s the plasma insulin concentration at time t during a
certain infusion period,

R1 1s a constant rate of insulin infusion to the subcutaneous

K_, K .,V are pharmacokinetic parameters.

In some implementations, Rl 1s a parameter controlled by
the infusion device.

Based on clinical investigation (Kobayashi et al., Diabetes
1983, vol. 32,331-336), an example for the pharmacokinetic
parameters K_, K |V . 1s given below:

K (min~1)=0.033+0.008
K (min~1=0.017+0.002

V (L/kg)=3.75£2.28

10

15

20

25

30

35

40

45

50

55

60

65

8

FIG. 6 shows an example of a model (102), proposed by K.
Rebrin et al, wherein subcutaneous glucose predicts plasma
glucose. The model can describe plasma (C,) and interstitial
flud (ISF; C,) glucose kinetics assuming glucose equilibrates
by diffusion (D=k,,V,=k,,V,) and 1s cleared from ISF by
tissue surrounding the sensor (clearance=k,,V,), where V,
and V, represent plasma volume and ISF distribution volume
seen by the sensor, respectively. To estimate the gradient and
delay the mass balance equation for the ISF pool was first
obtained as:

d

Vi
= —(kopp + ki»)Cr + ki —C
P (Koo + K12)Ch 1291

Where C, and C, are plasma and ISF glucose concentra-
tions.

Hence, the ISF-to-plasma glucose gradient and the ISF
equilibration time constant (delay) are:

Kio + Kk 1
C, = 12 + ko2 Cr 7 =
0 ﬂ kio + koo
21y,

(K. Rebrin et al., Am J Physiol Endocinol Metab 277:561 -
571, 1999)

The dervation of plasma glucose may be carried out by
such a model 1n a closed or semi-closed loop system. In
alternative embodiments, plasma glucose levels can be
detected by a glucometer.

As a simple example, the model (102) for assessing the IS,
can be assessed by the quantitative insulin sensitivity check
index (QUICKI) suggested by Katz et al. The QUICKI 1s
derived using the inverse of the sum of the logarithms of the
fasting insulin and fasting glucose:

1
log(ly) + log(Go)

Where 1 1s the fasting plasma insulin and G, 1s the fasting,
plasma glucose (G 1s also designated 1n FIG. 5 as C,). This
index correlates well with glucose clamp studies (r=0.78),
and 1s useful for measuring msulin sensitivity (IS), which 1s
the mnverse of insulin resistance (IR). In some 1implementa-
tions, these two parameters (I, and G,) necessary for the
model (102) can be obtained from the models (100) and (101)
under the condition of fasting.

FIGS. 7TA-C show three different embodiments of the
device, each contains a glucometer (90) to be used as blood
glucose (BG) mputs for the IS assessment feature (3000).

FIG. 7A shows a glucometer (90) located in the remote
control unit (1008) of the device. The glucometer (90) can
comprise an opening (95) for recerving of a test strip (99). The
user extracts blood from the body, places the blood on the test
strip (99) and 1nserts the strip into the opening. The glucose
readings (90) are displayed on screen (80) of the remote
control unait.

FIG. 7B shows a glucometer (90) located in the reusable
part (2) of the patch unit (1010). A communication channel
(300) between the glucometer (90) residing 1n the patch unit
(1010) and the IS assessment feature (3000) residing 1n the
remote control unit (1008) 1s maintained, allowing program-
ming, data handling, and user inputs.
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FIG. 7C shows an embodiment 1n which glucose readings
are directly or remotely (90) received from an independent
glucometer.

FIG. 8 shows another embodiment of the device, where the
IS assessment feature (3000) 15 located 1n a remote control
unit (1008) that commumnicates with an external PC (50).

In some mmplementations, any change of the parameters
representing the diabetic state of the user (e.g. IS value) canbe
saved and may be displayed in any graphical or non-graphical
manner. The saved data can automatically be sent to the user’s
practitioner (e.g. by electronic mail) for evaluation, validation
or any other clinical intervention.

Any and all patents, applications, articles and/or publica-
tions referenced 1n this specification are hereby incorporated
by reference herein 1n their entireties.

Although 1llustrative embodiments of the invention have
been described 1n detail herein with reference to the accom-
panying drawings, it 1s to be understood that the invention 1s
not limited to those embodiments, and that various changes
and modifications can be effected therein by one skilled 1n the
art without departing from the scope and spirit of the mven-
tion.

It 1s noted that 1n this disclosure and particularly in the
claims and/or paragraphs, terms such as “comprises,” “com-
prised,” “comprising,” and the like can have the meanming
attributed to 1t 1n U.S. patent law; that 1s, they can mean
“includes,” “included,” “including,” and the like, and allow
for elements not explicitly recited. These and other embodi-
ments are disclosed or are apparent from and encompassed
by, the following description.

In this respect, before explaining at least one embodiment
of the invention 1n detail, it 1s to be understood that the
invention 1s not limited 1n its application to the details of
construction and to the arrangements of the components set
forth in the following description or illustrated 1n the draw-
ings. The mvention 1s capable of other embodiments and of
being practiced and carried out in various ways where par-
ticular configurations, process steps, and materials disclosed
herein as such configurations, process steps, and materials
may vary somewhat. In addition, 1t 1s to be understood that the
phraseology and terminology employed herein are for the
purpose ol the description and should not be regarded as
limiting. Furthermore, as will be apparent to those skilled 1n
the art, the present invention may be embodied in other spe-
cific forms without departing from the essential characteris-
tics thereof.

For purposes of the description of the drawings and the
embodiments of the present invention, as mentioned for each
drawing, each figure may not drawn to scale. Some areas
drawn may be bigger and/or simpler 1n order to clearly por-
tray the improvement to what has already been established. It
will nevertheless be understood that no limitation of the scope
of the invention 1s thereby intended. Any alterations and fur-
ther modifications of the inventive features 1llustrated herein,
and any additional applications of the principles of the mnven-
tion as 1llustrated herein, which would normally occur to one
skilled 1n the relevant art and having possession of this dis-
closure, are to be considered within the scope of the invention
claimed. It 1s also to be understood that the terminology
employed herein 1s used for the purpose of describing par-
ticular embodiments only and 1s not imntended to be limiting
since the scope of the present invention will be limited only by
the appended claims and equivalents thereof.

Various implementations of the subject matter described
herein may be realized in digital electronic circuitry, inte-
grated circuitry, specially designed ASICs (application spe-
cific integrated circuits), computer hardware, firmware, soit-
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ware, and/or combinations thereof. These wvarious
implementations may include implementation 1n one or more
computer programs that are executable and/or interpretable
on a programmable system including at least one program-
mable processor, which may be special or general purpose,
coupled to recerve data and 1nstructions from, and to transmit
data and 1nstructions to, a storage system, at least one 1nput
device, and at least one output device.

These computer programs (also known as programs, soft-
ware, soltware applications or code) include machine instruc-
tions for a programmable processor, and may be implemented
in a high-level procedural and/or object-oriented program-
ming language, and/or in assembly/machine language. As
used herein, the term “machine-readable medium” refers to
any computer program product, apparatus and/or device (e.g.,
magnetic discs, optical disks, memory, Programmable Logic
Devices (PLDs)) used to provide machine instructions and/or
data to a programmable processor, including a machine-read-
able medium that recerves machine instructions as a machine-
readable signal. The term “machine-readable signal™ refers to
any signal used to provide machine instructions and/or data to
a programmable processor.

To provide for interaction with a user, the subject matter
described herein may be implemented on a computer having
a display device (e.g., a CRT (cathode ray tube) or LCD
(liquid crystal display) monitor) for displaying information to
the user and a keyboard and a pointing device (e.g., a mouse
or a trackball) by which the user may provide iput to the
computer. Other kinds of devices may be used to provide for
interaction with a user as well; for example, feedback pro-
vided to the user may be any form of sensory feedback (e.g.,
visual feedback, auditory feedback, or tactile feedback); and
input from the user may be received 1n any form, including
acoustic, speech, or tactile input.

The subject matter described herein may be implemented
in a computing system that includes a back-end component
(e.g., as a data server), or that includes a middleware compo-
nent (e.g., an application server), or that includes a front-end
component (e.g., a client computer having a graphical user
interface or a Web browser through which a user may interact
with an implementation of the subject matter described
herein), or any combination of such back-end, middleware, or
front-end components. The components of the system may be
interconnected by any form or medium of digital data com-
munication (e.g., a communication network). Examples of
communication networks include a local area network
(“LAN”), a wide area network (“WAN”), and the Internet.

The computing system may include clients and servers. A
client and server are generally remote from each other and
typically interact through a communication network. The
relationship of client and server arises by virtue of computer
programs running on the respective computers and having a
client-server relationship to each other.

Although a few variations have been described 1n detail
above, other modifications are possible. For example, the
logic flow depicted in the accompanying figures and
described herein does not require the particular order shown,
or sequential order, to achieve desirable results. Other imple-
mentations may be within the scope of the following claims.

What 1s claimed 1s:

1. A method for determining an 1nsulin dose to be admin-
istered by an insulin delivery patch unit based on a deter-
mined nsulin sensitivity (IS), comprising:

providing a remote control unmit, a subcutaneous glucose

sensing apparatus, and the msulin delivery patch unit
wherein the 1insulin delivery patch unit comprises a first
housing and a second housing; and
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receiving a first parameter corresponding to a first insulin
dose value administered by the insulin delivery patch
unit 1n a subcutaneous tissue;

applying a first kinetic model to obtain a plasma insulin

concentration based on the first parameter;

receiving a second parameter corresponding to a glucose

concentration value from the glucose sensing apparatus
that 1s a continuous glucose monitoring device;
determining the msulin sensitivity (IS) based on the plasma
insulin concentration and the second parameter;
determining a second insulin dose value based on the deter-
mined msulin sensitivity to be administered by the 1nsu-
lin delivery patch unit; and
reevaluating the mnsulin sensitivity (IS) after a predeter-
mined period of time since a last food bolus via an
insulin sensitivity assessment feature located in the
remote control unit; and

delivering an insulin bolus via a cannula coupled to the

second housing, wherein the first housing contains all
clectronic and driving elements of the msulin delivery
patch and the second housing contains an nsulin reser-
VOIT.

2. The method of claim 1, wherein the second parameter 1s
determined by applying a second kinetic model to a glucose
concentration measured 1n the subcutaneous tissue.

3. The method of claim 1, wherein the 1nsulin sensitivity
(IS) 1s periodically reevaluated.

4. The method of claim 1, wherein the 1nsulin dose 1n the
subcutaneous tissue 1s a basal 1nsulin dose.

5. The method of claim 1, further comprising providing a
recommendation to a user to validate the determined insulin
sensitivity value (IS).

6. The method of claim 5, wherein the recommendation 1s
provided as a message displayed on a graphical user interface.

7. The method of claim 6, wherein the user has an option to
accept or reject the determined msulin sensitivity value (IS),
and wherein the user 1s recommended to pay a visit to a
practitioner to change the settings on a pump, and perform a
turther test to evaluate a diabetic state.

8. The method of claim 1, wherein the determined insulin
sensitivity value 1s accepted automatically.

9. The method of claim 1, wherein the insulin bolus 1s
delivered using a remotely controlled skin securable pump,
such that the pump 1s connectable to and disconnectable from
the user’s body.

10. A system for determining an nsulin dose to be admin-
istered by an insulin delivery patch unit based on a deter-
mined nsulin sensitivity (IS) comprising:

providing a remote control unit, a subcutaneous glucose

sensing apparatus, and the mnsulin delivery patch unit
wherein the 1insulin delivery patch umit comprises a first
housing and a second housing, and at least one processor
configured for recerving a first parameter corresponding
to a first mnsulin dose value adminmistered by the insulin
delivery patch unit 1n a subcutaneous tissue; and
applying a first kinetic model to obtain a plasma insulin
concentration based on the first parameter;
receiving a second parameter corresponding to a plasma
glucose concentration value from the glucose sensing
apparatus that 1s a continuous glucose monitoring
device;
determining the msulin sensitivity (IS) based on the plasma
insulin concentration and the second parameter;

determining a second imnsulin dose value based on the deter-
mined msulin sensitivity to be administered by the 1insu-
lin delivery patch unit; and
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reevaluating the insulin sensitivity (IS) by the at least one
processor via an insulin sensitivity assessment feature 1s
located 1n the remote control unit aiter a predetermined
period of time since a last food bolus; and

delivering an insulin bolus via a cannula coupled to the

second housing, wherein the first housing contains all
clectronic and driving elements of the msulin delivery
patch and the second housing contains an insulin reser-
VOIT.

11. The system of claim 10, wherein the at least one pro-
cessor 1s further configured for determining the second
parameter by applying a second kinetic model to a glucose
concentration measured in the subcutaneous tissue.

12. The system of claim 10, wherein the 1nsulin sensitivity
(IS) 1s periodically reevaluated by the at least one processor.

13. The system of claim 10, wherein the at least one pro-
cessor 1s Turther configured for providing a recommendation
to a user to validate the determined insulin sensitivity value
(IS).

14. The system of claim 13, wherein the recommendation
1s provided as a message displayed on a graphical user inter-
face.

15. The system of claim 14, wherein the user has an option
to accept or reject the determined insulin sensitivity value
(IS), and wherein the user 1s recommended to pay a visit to a
practitioner to change the settings on a pump, and perform a
turther test to evaluate a diabetic state.

16. The system of claim 10, wherein the determined 1insulin
sensitivity value 1s accepted automatically.

17. The system of claim 10, wherein the msulin bolus 1s
delivered using a remotely controlled skin securable pump,
such that the pump 1s connectable to and disconnectable from
the user’s body.

18. A system for determining an 1msulin dose to be admin-
istered by an insulin delivery patch unit based on a deter-
mined nsulin sensitivity (IS), the system consisting essen-
tially of:

providing a remote control unmit, a subcutaneous glucose

sensing apparatus, and the msulin delivery patch unit
wherein the 1insulin delivery patch unit comprises a first
housing and a second housing and at least one processor;
and

recerving a first parameter corresponding to a first insulin

dose value administered by the insulin delivery patch
unit 1n a subcutaneous tissue;

applying a first kinetic model to obtain a plasma i1nsulin

concentration based on the first parameter;

receving a second parameter corresponding to a glucose

concentration value from the glucose sensing apparatus
that 1s a continuous glucose monitoring device;
determining the insulin sensitivity (IS) based on the plasma
insulin concentration and the second parameter; and
determining a second insulin dose based on the determined
isulin sensitivity to be administered by the insulin
delivery patch unit; and
reevaluating the insulin sensitivity (IS) by the at least one
processor via an insulin sensitivity assessment feature 1s
located 1n the remote control unit after a predetermined
period of time since a last food bolus; and

delivering an insulin bolus via a cannula coupled to the

second housing, wherein the first housing contains all
clectronic and driving elements of the msulin delivery
patch and the second housing contains an mnsulin reser-
VOIT.
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